Effect of protons on the amidase activity of human alpha-thrombin. Analysis in terms of a general linkage scheme.
The amidase activity of human alpha-thrombin has been studied in the pH range 5.5 to 10, and at four different chloride concentrations from 5 mM to 1 M. The Michaelis-Menten constant, Km, shows a bell-shaped dependence over the pH range studied, with a minimum around pH 8. The pH dependence of the catalytic constant, kcat, shows multiple inflection points especially at low (less than 0.1 M) chloride concentrations, thereby implicating the existence of multiple catalytic forms of the enzyme. A general linkage scheme is proposed for the analysis of the effect of protons on thrombin amidase activity, and experimental data have globally been analysed over the entire pH range in terms of such a scheme. Four proton-linked ionizable groups seem to be involved in the control of thrombin amidase activity. Two of these groups change their pK value upon substrate binding to the enzyme and account for the pH dependence of Km. All four groups control the catalytic activity of the enzyme which decreases with increasing protonation. Chloride has little effect on Km, while kcat changes significantly at pH less than 8. This effect is due to an increased enzymatic activity of the highly protonated intermediates at high chloride concentrations, as well as to the pK shift of two proton-linked ionizable groups.